Additional index words. Allium cepa, abscisic acid, gibberellic acid, indole-acetic acid, jasmonic acid, kinetin, maleic acid hydrazide Abstract. Exogenously applied plant growth regulators may affect development of onion, but little is know about how concentration or timing of application can affect bulb grade and quality. Two concentrations of the growth regulators abscisic acid, gibberellic acid, indole-acetic acid, jasmonic acid, kinetin, and maleic acid hydrazide, and water controls, were applied at the 7-and 20-leaf stages to the middle of the leaf whorl in greenhouse grown onion plants. Leaf and bulb weights were lighter, and bulb diameters were smaller, from plants treated with growth regulators applied at the 7-leaf stage than those from plants treated at the 20-leaf stage. Bulbs produced on plants treated with water were the same size, or larger, than those produced on plants treated with individual growth regulators.
employed exceeded those used by others (Abdel-Rahman and Isenberg, 1974; Karanov et al., 1992; Shibaoka, 1991; Wittwer and Sharma, 1950; Yoo et al., 1990) . However, most of that work was at the plant culture, or excised tissue, level and the efficacy of each level of each plant growth regulator is not fully understood when employed at the plant level. Jasmonic acid has been extracted from tissue (Nojiri et al., 1992) , and as best as can be determined has not been exogenously applied to developing plants in a greenhouse. The concentrations of jasmonic acid used were greater than those extracted from tissues. Five milliliters of either of two concentrations (1-fold and 2-fold) of 2-cis,4-trans-abscisic acid (1 and 2 mM), gibberellic acid (7.5 and 15 mM), indole-3-acetic acid (60 and 120 mM), (-)-1 ,2 -3Oxo-2-[cis-2-pentenyl]-cyclopentaneacetic acid (jasmonic acid; 0.075 and 0.15 mM), 6-Furfurylaminopurine (kinetin; 11.5 and 23 mM), and 3,6-dihydroxypyridazine (maleic acid hydrazide; 0.5 and 1 M) were used. Controls were 5-mL of distilled water only. The plant growth regulators, or water, were applied using a large bore needle to deliver the compounds into the middle of the whorl of leaves so that they might better come in contact with meristematic areas. There were 252 pots in the experiment, and the single plant in each pot represented a replication. One hundred twenty-six plants were assigned to an application stage, when plants produced 7 or 20 leaves. Each plant growth regulator was applied to nine plants at each concentration (1-or 2-fold) for a total of 108 plants. Of the remaining 18 plants, 9 were treated with water at the 7-and 20-leaf stages, for a total of 126 plants used at each application stage. The experimental design was a split-plot with concentration being the main effect and time of application comprising the split.
Measurements. Bulb diameters were measured with calipers immediately after application of growth regulators or water at the 20-leaf stage. Measurement was at the widest point on the exposed bulb. Occasionally, it was necessary to gently remove the potting soil from around the bulb to ascertain the widest point. Plants were maintained in pots until tops broke over, and then harvested. Diameters of bulbs from plants treated at the 7-and 20-leaf stages were determined at harvest (25 Apr. 2001) . If bulbs had developed a single split, the diameter was determined by measuring from the split to the outside of each bulb and the values were added. If bulbs developed multiple splits, two of the bulbs formed were chosen at random and the diameter determined as before. Leaves were separated from bulbs and fresh weights of both determined. Leaves, or the bulb, from each plant was placed in a forced air drying oven at 70 °C until dry weight stabilized. Data were analyzed with analysis of variance (ANOVA), and means separation was done by the Ryan-Einot-Gabriel-Welsch post-hoc test in SAS (ver. 7, SAS Inst., Cary, N.C.).
Results and Discussion
Plants treated with maleic acid hydrazide at the 7-leaf stage began bulb formation and tors affect development and sizing of bulbs. Combinations of plant growth regulators have been marketed for use in onion production with the claim that the producer will benefit from increased grade and quality. These products are proprietary and concentrations of individual components or combinations of components are not readily available. It is not clear if these materials actually affect onion bulb development and sizing. Boyhan et al. (2001) used a 0.012% solution of a commercially available cytokinin and reported that there was no benefit to yield of onion. Since the use of these materials on onions is relatively new there is little information on what amounts of which growth regulators are needed, or when they should be applied, to affect developing onion plants. The objective of this study was to determine if concentration, and timing of application, of several growth regulators effected development of onion plants.
Materials and Methods
Plant cultivation and application of growth regulators. Four to six seeds of the yellow short-day onion, cv. TX1015 Y (Classic Seed, El Centro, Calif.), were sown in potting soil (Redi-earth; Scotts-Sierra, Marysville, Ohio) in 3.5-L pots in a glass greenhouse on 3 Oct. 2000. Plants were thinned to one per pot 2 weeks after sowing. Plants were exposed to no more than 10 h of light from fluorescent bulbs (Son Agro, 430 lumens/m 2 ; Phillips, Sommerset, N.J.). Temperatures were set at 24 °C day/15 °C night. Five-hundred milliliters of a soluble fertilizer (Peters Professional All Purpose Plant Food; United Industries, St. Louis) was applied at full strength (2.65 g·L -1 ) at 2-week intervals to each pot beginning 1 month after sowing. The fertilizer supplied 20% of N, 8.8% of P, and 16.6% of K per unit.
All growth regulators employed were obtained from Sigma (St. Louis). Most of the concentrations for the plant growth regulators Onion (Allium cepa L.) development is affected by photoperiod and temperature (Kato, 1996a (Kato, , 1996b , and these stimuli effect processes at the cellular level. Investigations with onion has dealt with the states of rest, dormancy, and the breaking of dormancy since these have economic importance. However, since economic returns to the producer is also effected by marketability of bulbs, it is important to understand how factors affect bulb sizing.
Several classes of plant growth regulators affect physiological activities of the onion plant. Abscisic acid has been reported to induce senescence on onion plants and prolong bulb dormancy (Abdel-Rahman and Isenberg, 1974) . Gibberellic acid has been proposed as the anti-bulbing hormone (Shibaoka, 1991) because it stabilizes microtubules in cells. If microtubules remain intact, cells do not increase in size and bulbs are not formed (Mita and Shibaoka, 1984) . Indole-acetic acid and kinetin promoted leaf growth under laboratory conditions (Yoo et al., 1990) . Kinetin also affects carbohydrate metabolism (Boothby and Wright, 1962) , stimulates bulb growth (Karanov et al., 1992) , and increases bulb marketability after 4.5 months in storage (Boyhan et al., 2001) . It has been suggested that jasmonic acid that initiates bulb formation (Nojiri et al., 1992) . Maleic acid hydrazide has been used for many years as an anti-sprouting agent when applied prior to harvest (Wittwer and Sharma, 1950; Isenberg and Ang, 1964) .
There is minimal knowledge about how exogenous applications of growth regula- 
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then died about three weeks after treatment. These plants had average bulb fresh and dry weights, bulb diameters, and top fresh and dry weights of 17.7 g, 3.9 g, 17.7 mm, 32.7 g, and 1.8 g, respectively. Plants treated with malic acid hydrazide at the 20-leaf stage had average bulb fresh and dry weights, bulb diameters, and top fresh and dry weights of 244.4 g, 10.6 g, 78.8 mm, 78.8 g, and 8.6 g, respectively. All bulbs treated with gibberellic acid at the 7-leaf stage exhibited splits at harvest. No other bulbs exhibited splits. Plant growth regulator, and application time, but not concentration of plant growth regulators affected bulb weights, final bulb diameter, and leaf weights (Table 1) . There were no significant interactions. Plants treated at the 7-leaf stage were lighter and had bulbs with smaller diameters than did plants treated at the 20-leaf stage. Plants treated with maleic acid hydrazide were the lightest. Plants treated with gibberelic acid had bulbs with diameters similar to controls, jasmonic acid and abscisic acid. Plants treated with indole-acetic acid and kinetin had bulbs with diameters similar to controls, jasmonic acid, and abscisic acid. Plants treated with maleic acid hydrazide had bulbs with the smallest diameters. Bulb diameter increased 1.5 cm between treatment at the 20-leaf stage and harvest for all plants regardless of treatment, and no statistical differences were found.
Treatment with plant growth regulators did not increase bulb size in relation to controls. The significance reported for differences in bulb diameter due to growth regulators can be attributed to the smaller bulbs on plants treated at the 7-leaf stage with maleic acid hydrazide. For plants treated with gibberellic acid the combined diameters of the split bulbs likely contributed to their larger size, but rendered them unsuitable for the fresh market. Gibberellic acid stabilizes microtubule formation (Shibaoka, 1991) , and thus bulb formation, and contributes to the formation of split bulbs when treatment occurs at the 7-leaf stage. Yoo et al. (1990) reported that indole-acetic acid and kinetin promoted leaf growth under laboratory conditions. The data indicate that there was no effect on leaf weights due to the growth regulators regardless of concentration.
Maleic acid hydrazide may affect the physiology of onions in ways other than to increase the dormancy period, which extends storage shelf-life (Isenberg and Ang, 1964; Wittmer and Sharma, 1950) . Although the active site of maleic acid hydrazide is not well known, Nooden (1969) suggested that maleic acid hydrazide affected nucleic acid metabolism. Further research is needed to determine the site of action of maleic acid hydrazide, and how it affects the physiology of onions. It is difficult to transpose the results of a greenhouse trial to field conditions. However, these results indicate that these exogenously applied growth regulators did not increase bulb size. Values in a column followed by the same letter are not significantly different, Ryan-Einot-GabrielWelsch post-hoc test.
NS, **, * Nonsignificant or significant at P < 0.01 or 0.05, respectively, analysis of variance.
